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ABSTRACT 
Chrysophylum albidum had been identified as a traditional remedy for Benign Prostate hyperplasia (BPH) in an 
ethnobotanical survey. This study aimed to identify phytochemicals in the plant, determine the acute toxicity and anti-
BPH activity of the methanol bark extract (MCA) of the plant. Phytochemical screening was carried out using standard 
procedures, while acute toxicity was investigated using Lorke’s method. The anti-BPH activity was investigated, 
using thirty male albino rats (185 -230) divided into six groups of five rats each. Group 1 rats served as normal 
control; group 2-negative control, groups 3, 4 and 5, extract treatment groups and group 6 - positive control group. 
Rats in group I was neither induced nor treated. Rats in groups 2-6 received subcutaneous testosterone (3 mg/kg) 
to induce (BPH). In addition, group 3 -5 received MCA; 150, 300 and 600 mg/kg respectively. Group 6 rats were 
treated with Finasteride (5 mg/kg). After 28 days, rats were sacrificed, blood collected and the prostate tissue 
harvested. The serum concentration of testosterone, dihydrotestosterone (DHT) and prostate-specific antigen 
(PSA) was determined using the enzyme-linked immunosorbent assay. Histological evaluation of the prostate was 
also determined. Phytochemicals identified include; alkaloids, saponin, steroids, flavonoids and tannin. LD50 was 
determined to be above 5000 mg/kg, orally with no mortality recorded. The extract at all doses non-linearly reduced 
serum testosterone, DHT and PSA. The activity of 150 mg/kg was significant (p < 0.0001) compared to the negative 
control. Deviances seen in the histo-architecture of negative control rats were revised by the extract at 150, 300 
and 600 mg/kg as well as by finasteride. This study provides scientific support for the ethnomedicinal use of the 
plant in the management of BPH. 
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INTRODUCTION 
Benign prostate hyperplasia (BPH) is a disease 
characterized by the proliferation of smooth muscle 
and epithelial cells within the prostatic transition 
zone of the prostate gland leading to its increase in 

size and volume [1]. This leads to the development 
of lower urinary tract (LUTs) symptoms that manifest 
as; increased urinary urgency and frequency, painful 
urination, the excessive passage of urine at night, 
urinary retention and obstructive symptoms during 
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urination [2,3].  BPH can also lead to the incidence 
of bladder stones due to the accumulation of urine in 
the bladder [4]. It is considered a disease of 'ageing" 
noticeable in men 50 years and above however, 
incidences have been reported in men in their fourth 
decade of life [4,5]. Identified risk factors for BPH 
include; high fat and protein diet, low physical activity 
and excessive alcohol use [4]. Drug options currently 
in use for the management of the condition include; 
5-alpha-reductase inhibitors and alpha-adrenergic 
receptors blockers [6].  Erectile dysfunction, reduced 
libido, mood disorder, gynecomastia, increased risk 
of cardiovascular morbidity and reduced ejaculate 
are some of the side effects associated with the use 
of 5-alpha- reductase inhibitors [7,8]. Similarly, 
Fatigue, postural hypotension, and dizziness are 
side effects linked with the use of alpha-adrenergic 
blockers in the management of BPH [9]. The need to 
explore medicinal plants as a source of new drug 
lead in the management of BPH is necessitated by 
the expected increase in the ageing population due 
to improved access to health information, facilities 
and better economic indices coupled with observed 
side effects with current therapy.  
Chrysophyllum albidum (G.Don) is a tree that is 
common throughout the tropical Central, East and 
West Africa regions for its sweet edible fruits [10]. It 
is named commonly “African star apple”, and locally 
as Agbalumo (Yoruba), Otien (Bini), Udara (Igbo) 
and Chiwo (Hausa) [11]. The plant has a long, 
straight bole with light brown thin bark that yields a 
gummy white exudate when detached [12].  The bark 
is used in traditional medicine to treat yellow fever, 
malaria, fibroid, sprains and wound [11,13]. 
Reported pharmacological activities of the plant 
include: antimalarial, anti-diabetic, anti-thrombotic, 
anticancer, anti-fungi, antimicrobial and anti-
inflammatory [11]. Stigmasterol, epicatechin, 
epigallocatechin and procyanidin B5 have been 
isolated from the stem bark of C. albidum [14]. The 
plant was identified as a folkloric treatment for BPH in an 
ethnobotanical survey [15]. This study, therefore, aimed 
to identify secondary metabolites present in the stem 
bark of the plant, determine the acute toxicity and, 
the potential of the methanol bark extract as a 
remedy for BPH in male albino rats. 
 
 
MATERIALS AND METHODS 
 

Plant collection, identification and preparation    
The fresh bark of C. albidum was collected in 
October 2019 from trees growing within the 
University of Benin, Ugbowo campus environs. The 
plant was identified and authenticated at Forest 

Research Institute of Nigeria, (FRIN) Ibadan by Dr A. 
Osiyemi and allocated the voucher number FHI 
112278. The plant material was cut into smaller 
pieces and dried at room temperature (27 ± 5 ºC) for 
3 weeks, and in the oven at 40ºC for 30 mins before 
milling to a coarse powder.  
 
Extraction of plant material 
A weighed amount (2.3 kg) of the powdered plant 
material was extracted with methanol (4.6 L) in a 
Soxhlet Apparatus.  The extract obtained was filtered 
through a filter paper (Whatman No 1), concentrated 
to dryness over a water bath maintained at 40ºC. 
The dried methanol extract of C. albidum (MCA; 
154.78 g) was stored in a glass jar at 4ºC till ready 
for use. 
 
Phytochemical screening 
Phytochemical tests were carried out on the 
powdered plant material according to procedures 
described by Harborne [16].  
 
Animal handling 
Male adult albino rats (185g – 230g), obtained from 
the animal house of the Department of Anatomy, 
School of Basic Medical Sciences were housed and 
allowed to acclimatize for I week in the animal house 
of the Department of Pharmacology, Faculty of 
Pharmacy, University of Benin. They were 
maintained under laboratory conditions of humidity; 
63.8±6%, temperature; 23°C±4ºC; normal 
day/night cycle of ±12 hr. Animals had access to 
clean water and animal chow ad libitim. All animals 
were treated in a manner that complied with the 
National Institute of Health (NIH) Guidelines for the 
Care and Use of Laboratory Animals [17]. Ethical 
approval was obtained from the Faculty of 
Pharmacy, University of Benin Ethics Committee 
with the number EC/FP021/12. 
 
Experimental protocol 
Acute toxicity test: Determination of LD50  
The acute toxicity test was carried out in accordance 
with Lorke’s method [18], and this method 
comprised of two phases. In phase I, nine rats were 
randomly assigned into 3 groups of 3 rats each. 
Animals in groups 1, 2 and 3 received oral 
administration of 10, 100 and 1000 mg/kg of MCA 
respectively and they were monitored frequently for 
24 hours for observable signs of toxicity or mortality. 
In phase II, three rats were grouped into 3 groups of 
one rat each and they were administered orally 
higher doses of MCA (1600, 2900 and 5000 mg/kg 
body weight).  The rats were also monitored 
frequently for 24 hours and then daily for 2 weeks 
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for any observable signs of acute toxicity and 
mortality. 
 
Test for Anti-BPH activity 
Thirty albino rats were grouped as shown in Table 
1. Extract and finasteride were administered by oral 
gavage, while testosterone, diluted in olive oil was 
administered by intraperitoneal injection. Treatment 
lasted for 28 days, after which animals were fasted 
overnight, anaesthetized in a chloroform chamber 
and blood collected via cardiac puncture into plain 
bottles. Blood collected was allowed to retract for 15 
mins, centrifuged at 3000 rpm for 10 minutes, and 
serum obtained was used to estimate for 
dihydrotestosterone (DHT), testosterone (TTR) and 
prostate-specific antigen (PSA). 
 
Determination of prostate weight and prostatic 
index 
The prostate tissue was harvested, blotted dry and 
weighed. The prostate index was calculated as the 
ratio of the prostate weight to the total body weight. 
 
   Prostate Index (PI) =   Body Weight  
                                     Prostate Weight 
 
Determination of serum prostate-specific 
antigen, testosterone and dihydrotestosterone 
levels 
The serum levels of PSA, testosterone and 
dihydrotestosterone were determined using 
commercial enzyme-linked immunosorbent assay 
(ELISA) test kits.  
 
Histological study 
Harvested prostate tissue was fixed in Bouin’s fluid 
and thereafter dehydrated with upgraded ethanol, 
cleared with xylene, counterstained with hematoxylin 
in eosin and finally embedded in paraffin. Sectioning 
was done by use of a microtome (5 mm thickness) 
and sections so obtained was examined under a 
microscope (X 400) and photographed. 
 
Statistical analysis   
Data obtained are expressed as mean ± SEM. 
Statistical comparisons between the groups were 
made using the one-way analysis of variance 
(ANOVA) and Duncan’s multiple range test. The 
level of significant difference between the groups 
was evaluated at P < 0.05 at each level. Graphpad 
prism Version 7 software statistical package was 
utilized for all statistical evaluations. 
 
 
 

RESULTS 
Phytochemical screening 
Phytochemical screening of the powdered stem bark 
of C. albidum revealed the presence of alkaloids, 
saponin, tannin, flavonoid and cardiac glycosides. 
Findings are presented in Table 2.  
 
Acute toxicity (LD50) study of methanol bark 
extract of MCA 
The result of the oral acute toxicity test revealed nil 
mortality, 24 h and 14 days post treatment with MCA. 
This suggests that the LD50 (median lethal dose) of 
MCA in rats was greater than 5000 mg/kg body 
weight of animals. However, rejection of food, 
increased salivation and decreased mobility were 
observed immediately after administration.   
 
Effect of Chrysophylum albidum on prostatic 
parameters 
Animals in the normal control group (1) had the 
lowest PI value (0.12±0.02), while those in the 
negative control group that received testosterone in 
olive oil only had the highest PI value (0.44±0.08). 
Animals in groups 3 and 4 that received testosterone 
and 150 and 300 mg/kg of MCA respectively had 
similar PI values (0.38±0.56 and 0.38±0.66 
respectively). Group 5 animals that received 600 
mg/kg of MCA had a PI value less than that seen in 
group 3 and 4 animals (0.32±0.39), but it was 
significant. Animals that received finasteride had a 
significant (p < 0.05) lower PI value (0.25±0.08) 
compared to the negative control group (Table 3). 
   
Effects of Chrysophylum albidum methanol bark 
extract on serum testosterone, 
dihydrotestosterone and prostate-specific 
antigen levels 
Negative control rats were observed to have the 
highest serum concentration of testosterone, 
averaged at 1.90±0.23 ng/dL. The extract was 
observed to dose-dependently lower the serum 
concentration of the hormone. Treatment with 150 
and 300 mg/kg of MCA significantly (p < 0.001) 
reduced the serum concentration of testosterone to 
0.80±0.28 and 0.86±0.26 ng/dL respectively, while 
600 mg/kg of MCA significantly (p < 0.05) reduced 
serum concentration levels to 0.90±0.35 ng/dL in 
600 mg/kg MCA, all compared to the negative control 
(Figure 1A).  
Equally, negative control rats had the highest serum 
concentration of DHT. Treatment with varying doses 
of MCA produced a non- dose-dependent and 
significant decrease in serum concentration of DHT 
in treated animals compared to the negative control 
rats. MCA (150 mg/kg) evoked the highest reduction 
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in serum DHT level (355.67±23.06 ng/dL), followed 
by finasteride-treated rats (434.73±10.10 ng/dL), 
400 mg/kg (482.95±9.86 ng/dL) and 600 mg/kg 
(516.17±16.07 ng/dL) treated rats in that order 
(Figure 1B).          
The extract and finasteride were observed to exact 
significant non- dose-related effects on the serum 
levels of PSA of treated rats. Particularly, 150 mg/kg 
of MCA significantly (p < 0.0001) reduced serum 
PSA levels to 0.53±0.02 ng/ml from 1.90±0.04 in 
negative control rats. Rats that received 300 and 600 
mg/kg of MCA had serum PSA concentrations of 
0.70±0.04 and 0.72±0.03 ng/mL respectively, while 
in finasteride-treated rats, the PSA concentration 
was 0.92±0.05 ng/ml (Figure 1C). 
 
Effect of Chrysophylum albidum on the 
histology of the prostate gland  
The prostate gland of rats in the normal control group 
(Figure 2a) showed normal histological features 
characterized by adequate micro acini. It had single-
lined cuboid epithelial cells and no prostatic 
secretion was observed in the acini. The prostate of 
the negative control group (BPH-induced but 
untreated; Figure 2b), showed acini lined by multiple 
layers of epithelial cells and stroma with active 
vascular congestion. There was also a hemorrhagic 
(H) condition associated with blood vessel rupture, 
observed within the fibromuscular stroma. More 
prostatic secretion was also observed. The prostate 
tissue of rats treated with 150 mg/kg of MCA is 
presented in Figure 2c.  Reduced prostatic secretion 
was observed relative to the untreated group. 
Prostate tissue of rats treated with 300 mg/kg of 
MCA (Figure 2d) showed slightly large acini 
compared to what was observed in those treated 
with 150 mg/kg of MCA, with little prostatic secretion. 
Group 5 rats (Figure 2e; 600 mg/kg) presented with 
slightly larger acini compared to those treated with 
300 mg/kg, with equally, little prostatic secretion. The 
prostate of finasteride-treated rats (Figure 2f) 
showed small-sized acini, single epithelium, 
moderate prostatic secretions and thin epithelium 
with little or no prostatic secretion in the lumen. 
 
 
 
DISCUSSION 
Medicinal plants owe their therapeutic value to the 
different phytochemicals they produce and contain. 
In this study, the phytochemical evaluation of the 
stem bark of C. albidum revealed the presence of 
various phytochemicals as expressed in Table 2.  
This finding is in tandem with the work of Okoli and 
Okere [19] who reported the presence of alkaloids, 

cardiac glycoside, tannins, flavonoids and saponin 
in the stem bark of C. albidum. However, in addition, 
anthraquinone, steroids and reducing sugar were 
further identified in the plant in this study. Genetic 
make-up, environmental conditions (humidity, 
temperature, and sunlight), post-harvest storage 
and processing (drying, choice of solvent for 
extraction and extraction method), plant part 
evaluated and development stage of the plant, are 
some factors that influence the synthesis and 
accumulation of phytochemicals in plants [20]. A 
combination of any of these factors could be 
responsible for the variation in the detectable 
phytochemicals.  
Acute toxicity studies present an opportunity to 
evaluate the safety of medicinal plants in the short 
term. Findings from this study indicate that the 
methanol stem bark extract of C. albidum did not 
cause mortality or produce any observable toxic 
effect in rats at the oral dose of 5000 mg/kg. This 
indicates that the plant has an estimated LD50 >1000 
– 5000. According to the Global Harmonized 
Classification System (GHCS) for chemical 
substances and mixtures by the OECD, substances 
and mixtures with LD50 > 5000 mg/kg are 
categorized as class 5, and therefore safe [21]. This 
suggests that the methanol extract of the plant with 
LD50 being greater than 5000 mg/kg may be safe. 
Ene et al., reported the oral LD50 of the methanol 
leaf extract of the plant to be greater than 5000 
mg/kg, while the intraperitoneal LD50 was estimated 
at 244.96 mg/kg [22]. Acute toxicity studies of the 
methanol extract and butanol fraction of the seed 
cotyledons of the plant estimated the oral LD50 to be 
200 mg/kg and 760 mg/kg respectively [23]. 
Variation in the acute toxicity reports of the plant 
may be due to variability in the chemical 
compositions of extracts obtained from various parts 
of C. albidum used in the different studies, and 
altered response from the route of administration 
route [24].  
The prostate index is a measure of the relationship 
between prostate weight and body weight. Although 
its value in clinical settings has not been 
established, it is believed that men with high 
adiposity and body mass index have a higher 
tendency to develop BPH [25]. Negative control rats 
had the highest PI value compared to MCA and 
finasteride-treated rats in this study. 
PSA is a glycoprotein produced in the prostate in 
response to increasing volume and is present in the 
blood in a small amount. It is used as a non-
invasive, sensitive marker for BPH, prostate cancer 
and inflammatory conditions of the prostate [26]. 
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   Table 1: Grouping of animals in test of anti-BPH activity of MCA 

Group  Treatment 

Group 1:  Normal control Olive oil  (5 ml/kg/day)  
Group 2: Negative control group Olive oil + Testosterone (4 mg/kg ) 

Group 3: Extract treated group 150 mg/kg  Olive oil + Testosterone (4 mg/kg ) + 150 mg/kg 
MCA 

Group 4: Extract treated group; 300 mg/kg  Olive oil + Testosterone (4 mg/kg) + 300 mg/kg of 
MCA 

Group 5: Extract treated group: 600 mg/kg Olive oil + testosterone (4 mg/kg) + 600 mg/kg of 
MCA 

Group 6: Positive control Olive oil + Testosterone (4 mg/kg) + 5 mg/kg 
Finasteride 

 

 
Table 2: Phytochemical constituents in the stem bark of C. albidum 

Secondary  metabolite Present/Absent             

Alkaloid            +   
Reducing Sugar            +   
Cardiac glycoside            +   
Anthraquinone glycoside            +   
Cyanogenetic glycoside            -   
Terpenes            -   
Steroid            +   
Tannin            +   
Flavonoid            +   
Saponin            +   

+ = Presence of constituent; - = Absence of constituent 

 
 
Table 3: Effect of MCA on prostatic parameters 

Groups Animal weight (g) PW (mg) PI 
 Initial Final   

Group 1 187.67±3.53 207.70±6.58 250±68.00 0.12±0.02 

Group 2 198.33±8.29 218.54±6.11 950±39.00 0.44±0.08 

Group 3  205.67±19.06 236.25±3.58 750±13.00 0.38±0.56 

Group 4 230.55±16.07 259.33±9.53 990±18.00 0.38±0.66 

Group 5 210.67±5.78 240.30±3.52 780±87.00 0.32±0.39 

Group 6 198.33±6.69 233.33±16.58 590±78.00 0.25±0.08* 

PW: Prostate weight, PI: Prostate index. Group 1: Normal control, Group 2: Negative control, Group 3: 150 mg/kg MCA, Group 
4: 300 mg/kg MCA, Group 5: 600 mg/kg MCA, Group 6: Positive control (Finasteride; 5 mg/kg).  n= 5; * statistically significant 
(p < 0.05).  
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Figure 1A: Effect of MCA on serum testosterone levels in testosterone-induced BPH rats. 

 

Figure 1B: Effect of MCA on serum concentration of DHT in testosterone-induced BPH rats. 

 

Figure 1C: Effect of MCA on serum concentration of PSA in testosterone-induced BPH rats.   
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Figure 2a -f: showing Prostate tissue of rats in (a) normal control group with: A- Acini; B- lined by single cuboidal 
epithelial cells;  C- myoepithelium; D- stroma: (b) - negative control group with: A- Acini lined by multiple layers of 
epithelial cells;  B- stroma with active vascular congestion)  (c) - rats treated with 150 mg/kg MCA with: A- Acini 
lined by; B- a single layer of epithelium(d) - rats treated with 300 mg/kg MCA showing; A- Acini lined by; B - a 
single layer of epithelium (e) -  rats treated with 600 mg/kg  of MCA with: A- Acini lined by; B- single epithelium; C- 
mild stromal congestion (f) -  rats in the positive control with; A- Acini lined by; B- single epithelium; C- 
myoepithelium; D- active, but minimal stromal congestion.  
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Serum PSA level which was markedly increased in 
the negative control rats was significantly reduced 
by varying doses of MCA and finasteride, signifying 
the ability of MCA and finasteride to impact and 
possibly reduce prostate volume. Although the 
volume of the prostate was not determined in this 
study, a positive correlation between serum PSA 
level and prostate volume has been cited by other 
workers [27, 28]. It can thus be inferred that the 
lower serum levels of PSA recorded for MCA and 
finasteride may be indicative of reduced prostate 
volume, suggesting that MCA may have the 
potential to reduce prostate volume and suppress 
BPH disease. 
Testosterone and DHT are steroid hormones that 
play key roles in the pathogenesis of BPH.  
Testosterone acts as a pro-hormone that is 
converted to dihydrotestosterone within the prostate 
stroma and epithelial cells by the enzyme, 5-alpha 
reductase. DHT stimulates cell proliferation and 
growth in the prostate and is a major cause of rapidly 
enlarged prostate [29]. Serum level of testosterone 
was markedly elevated in the negative control rats 
compared to the normal control rats, while MCA and 
finasteride-treated rats showed varying levels of 
decrease compared to the negative control rats. 
Finasteride is a potent inhibitor of the 5-alpha 
reductase enzyme used in the treatment of BPH and 
the observed decrease is attributable to its action on 
the enzyme.  A corresponding increase in DHT level, 
in finasteride-treated rats, compared to the negative 
control was recorded. The extract showed a pattern 
of activity akin to that observed with finasteride-
treated rats, indicating a probable similar mechanism 
of action. Similar findings were reported for the root 
of Raphia hookeri [30].   
Negative control rats treated with testosterone 
showed enlargement of the prostate due to 
progressive hyperplasia of glandular and stromal 
tissue which was indicative of the influence of 
androgen on prostate growth. Treatment with 
varying doses of MCA, particularly the 150 mg/kg, 
significantly reversed the action of the androgen. 
There was a progressive reduction of epithelial cell 
hyperplasia and vascular congestion which 
corroborates findings from the effect of the MCA and 
finasteride on prostate weight and prostate index. 
The observed activity of MCA is likely due to the 
varied phytochemicals it contains. Stigmasterol, a 
phytosterol isolated from the stem bark of C. albidum 
has been identified as a potential inhibitor of 5-alpha 
–reductase [31].  
 
 
 

CONCLUSION 
Preliminary toxicity evaluation of the plant shows, 
that the oral dose of up to 5000 mg/kg may be safe. 
Treatment of rats with testosterone propionate for 28 
days increased prostate weight and index, serum 
levels of testosterone, DHT, PSA and morphological 
distortion of the prostate gland architecture, 
indicative of induced BPH condition. Treatment with 
varying doses of MCA resulted in reduced prostate 
weight and index, serum levels of testosterone, DHT 
and PSA, with amelioration of the distortion in the 
histo-anatomy of the prostate. The 150 mg/kg dose 
of the extract was observed to be more active in 
reversing the testosterone-induced changes in the 
MCA treated rats compared to the 300 and 600 
mg/kg doses. Further studies are being carried out 
to identify particular constituents in the plant 
responsible for observed activity as well as exact 
mechanism/s of action of the plant extract. The use 
of the plant in the management of BPH in 
ethnomedicine is supported by this study.  
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